The distributions of HLA allele and haplotype are variable in different ethnic populations and the data for some populations have been published. However, the data on HLA-C and HLA-DQB1 loci and the haplotype of HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 loci at a high-resolution level are limited in Zhejiang Han population, China. In this study, the frequencies of the HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 loci and haplotypes were analysed among 3,548 volunteers from the Zhejiang Han population using polymerase chain reaction sequencing-based typing method. Totals of 51 HLA-A, 97 HLA-B, 45 HLA-C, 53 HLA-DRB1 and 27 HLA-DQB1 alleles were observed.
| INTRODUC TI ON
Human leucocyte antigen (HLA) located within the human major histocompatibility complex on the short arm of chromosome 6 is a genetic system with the most polymorphism (Marrack & Kappler, 1986) . HLA plays an important role in solid organ transplantation and hematopoietic stem cell transplantation (HSCT) and is associated with autoimmune and infectious diseases (Shiina, Inoko, & Kulski, 2004) . As the rapid growth of HLA genotyping technology, more than 18,771 alleles for HLA loci were identified in the population around the world according to the IPD-IMGT/HLA Database release 3.33.0 version (Robinson, Soormally, Hayhurst, & Marsh, 2016) . Donor-recipient HLA matching is critical for the success of HSCT, which has been recognized as a well-established therapy for hematologic and lymphoid cancers and other hematologic or immune disorders (Ayala & Tomblyn, 2011; Copelan, 2006; Lee et al., 2007; Lucarelli, Isgrò, Sodani, & Gaziev, 2012) . When the patient does not have a genotypically HLA identical siblings, a matched unrelated donor (MUD) or one haplotype matched related donor is a better option (Gratwohl et al., 2006; Lucarelli, et al., 2012) .
Meanwhile, different criterion for the selection of MUDs is used mostly based on high-resolution typing for HLA-A, HLA-C, HLA-B, and HLA-DRB1 alleles (matching 8/8) or HLA-A, HLA-C, HLA-B, HLA-DRB1, and HLA-DQB1 alleles (matching 10/10). These HLA alleles matching could reduce the risk of graft-versus-host disease (GvHD) and mortality (Dehn et al., 2008; Fürst et al., 2013) .
Furthermore, HLA haplotype frequency distribution can facilitate searching donors, and the donor matching at the haplotype level has a better likelihood than matching at the individual allelic level (Kempenich, Setterholm, & Maiers, 2006; Schmidt, Sauter, Pingel, & Ehninger, 2014) .
The distributions of HLA alleles and haplotypes are varied among different populations and ethnic groups. In recent years, the evaluation of HLA alleles and haplotypes frequency has been reported in a variety of populations (Buhler, Nunes, Sanchez-Mazas, & Richard, 2015; Grubic et al., 2014; Halagan et al., 2018; Li et al., 2014; Matevosyan et al., 2011; Park, Lee, Song, & Park, 2016; Wang et al., 2014) . We recently have also reported the HLA-A, HLA-B, HLA-DRB1 allele and haplotype frequencies from the Zhejiang province (He et al., 2016) . However, the data for the HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 loci at allelic level are limited in the Zhejiang Han population based on the large scale. Zhejiang Province, geographic coordinates 118°39´-122°45´E, 27°08´-30°86´N, is lo- 
| MATERIAL S AND ME THODS

| Sample population
The subjects were randomly recruited by the Zhejiang Branch of Chinese Marrow Donor Program. All of them were healthy volunteers and aged range from 18 to 45 years old at the time of recruitment and must fill in form records and provide the basic information, including geographic origin, ethnicity, sexuality, age and address.
Informed consent for HLA genotyping and anonymous usage of the results for medical research was obtained from each volunteer.
According to the information of the volunteers, those who came from other regions of China were excluded for this study. Recruited from October 2015 to May 2017, 3,580 individuals were genotyped for HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 loci. Among them, 3,548 (99.11%) were Han population, the others were minorities (0.89%) and excluded for this study.
| DNA extraction
Samples of peripheral whole blood for volunteers were collected in 5 ml tubes with EDTA-Na 2 anticoagulant after their informed consent and stored at below −25°C until processed. Genomic DNAs were extracted using commercial MagNA Pure LC DNA Isolation Kits (Roche Diagnostics, Indianapolis, IN, USA) according to the manufacturer's instruction. The finally DNA concentration was adjusted in 30-60 ng/μl and optical density at 260/280 was 1.6-1.8.
| HLA genotyping
All of the individuals were genotyped for HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 loci respectively using SeCore TM sequencing commercial kits (One Lambda, INC., Canoga Park, CA, USA) at a high-resolution level by polymerase chain reaction sequencing-based typing (PCR-SBT). In briefly, the nucleotide sequences for exons 2 to 4 of HLA-A, HLA-B, HLA-C, exon 2 of HLA-DRB1, and exons 2 to 3 of HLA-DQB1 were amplified respectively, using locusspecific primers according to the manufacturer's protocol. 
| Statistics methods
The allele frequencies (AFs) of HLA-A, HLA-B, HLA-C, HLA-DRB1
and HLA-DQB1 loci and the deviations from the Hardy-Weinberg equilibrium (HWE) were determined for each locus using Fisher's exact test which has been implemented in the Arlequin software 3.5.2.2 (Excoffier & Lischer, 2010 and HLA-A-C-B haplotypes were also analysed and the data were summarized in additional Supporting Information Tables S1, S2 and S3, respectively.
TA B L E 1
The Hardy-Weinberg equilibrium of HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 loci in the Zhejiang Han population TA B L E 3 The distributions of HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 alleles in the Zhejiang Han population (n = 3,548) 
| D ISCUSS I ON
Up to now, there were many reports available on the HLA-A, HLA-B
and HLA-DRB1 distribution in the Chinese populations (He et al., 2016; Li et al., 2014; Pei, Huang, Li, Chen, & Wu, 2018; HLA-DRB1 alleles were similar to those of our previously reports (He et al., 2016; Wang et al., 2014) and new data for HLA-C and HLA-DQB1 were expanded. However, 14 certain ambiguous alleles within a G group were not discriminated in this study. In C locus, C*01:02:01G (C*01:02/01:85) and C*08:01:01G (C*08:01/08:22)
were not discriminated in our present study. According to data from CMDP, the frequency of C*01:02 is about 5,650 times than that of C*01:85, while the frequency of C*08:01 is approximately 10 times as high as that of C*08:22. However, the frequency of each allele within the G group may be varied notably from different population; therefore, the precision frequency of the alleles in the G group need to be further studied in the future. 
TA B L E 3 (Continued)
TA B L E 4 HLA-A-C-B-DRB1-DQB1 haplotypes with frequency ≥0.1% in the Zhejiang Han population (n = 3,548) 2016; Li et al., 2014; Loubser, Paximadis, & Tiemessen, 2017; Park et al., 2016; Pei et al., 2018; Schmidt et al., 2009; Wang et al., 2014; Yang, Chen, Shyr, & Lin, 2009 ). According to the previous studies, the distributions of HLA alleles were also difference between the Chinese southern Han population and northern Han population (Deng et al., 2010; Qin Qin et al., 2011; Shao et al., 2017) . Our data on AFs of HLA in present study showed that the characteristic of HLA allele in the Zhejiang Han population was in close proximity to Han population and some other regions population were listed in Supporting Information Table S5 .
For the HLA-C locus, C*01:02 and C*07:02 were the most two common alleles in the Chinese population (He et al., 2018) , but the frequencies of them in Zhejiang Han population were higher than that of the Chinese northern Han population (Deng et al., 2010; Ikeda et al., 2015) . The frequency of HLA-C*01:02 is over 10% in the Chinese and Japanese population, but the frequency of HLA-C*01:02 was below the 5% in the Caucasian population (Gragert, Madbouly, Freeman, & Maiers, 2013; Grubic et al., 2014) . HLA-C*08:01 allele is common in the Chinese and Japanese population, but was rare in
German and European Caucasian (Gragert et al., 2013; Grubic et al., 2014) . The deviation from Hardy-Weinberg expectations at HLA-DQB1 locus was observed in our study, which was also existed in the previous Chinese studies (Hei et al., 2009; Zhou et al., 2015) , so this need to be further researched. DQB1*02:02 had a frequency (5.26%) slightly lower than DQB1*02:01 (5.88%) in the Zhejiang
Han population, while the frequency of DQB1*02:02 was about 3 times higher than that of DQB1*02:01 in Korea , and DQB1*02:02 was not identified and DQB1*02:01 had a high frequency in the Caucasian of Turkey minority from Germany DKMS (González-Galarza et al., 2015) .
Reliable estimation of HLA haplotype in different ethnic groups is extremely useful for searching HLA-matched donors in unrelated haematopoietic stem cell transplantation. The data of HLA haplotype were also useful for chosen one haplotype matched related donor. In our study, the haplotypes with a frequency lower than 0.1% accounted for 50.66% of all five loci haplotypes, 
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